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FOREWORD

This Indian Standard which is identical with 1X Pub 721-2-4 ( 1987 ) `Classification of environmental conditions - Part 2 : Environmental conditions appearing in nature. Solar radiation and temperature', issued by the International Electrotechnical Commission, was adopted by the Bureau of Indian Standards on the recommendation cf the Environmental Testing Procedures Sectional Committee ( LT 02 ) and approval of the Electronics and Telecommunication Division Council. The text of the IEC standard has been approved as suitable for publication as Indian Standard without deviations. Certain conventions are, however, not identical to those used in Indian Standards. Attention is particularly drawn to the following: Wherever the words `International be read as `Indian Standard'. Standard' appear, referring to this standard, they should

The concerned technical committee has reviewed the provisions IEC 721-2-l ( 1982 ), referred in this standard and has decided that in conjunction with this standard.

of IEC 721-l ( 1981 ) and they are acceptable for use parameters and their

Part 1 of this Indian Standard deals with classification of environmental The subsequent parts are intended to deal with the following: severities. a) Environmental conditions appearing in nature. b) Classification of groups of environmental parameters Amendment

and their severities.

No. 1 issued to IEC Pub 721-2-4 ( 1987 ) is given at the end. Standard has been retained while adopting it

Only the English language text in the International in this Indian Standard.

Indian Standard

IS 13736 ( Part Z/See 4) : 1993 IEC Pub 721.2-4 (1987)

CLASSIFICATION OF.ENVIRONMENTAL CONDITIONS
PART 2 ENVIRONMENTAL CONDITIONS APPEARING IN NATURE Section ~4 Solar Radiation 1. scope This part of the standard presents B broad division into types of solar radiation areas. It is intended. to be used as part of the background material when selecting appropriate severities of solar radiation for product applications. All types of geographicai'areas are covered, except areas with altitudes above 5000 m. and Temperature

When selecting severities of solar radiation for product applications, the values which are given in I E C Publication 721-l: Classification of Environmental Conditions, Part 1: Classification of Environmental Parameters and Their Severities, should be applied.

2.

Object To define limiting severities of solar radiation to which products are liable to be exposed during transportation, storage and use.

3.

Genetal Solar radiation can affect products primarily by heating of material and their environment photochemical degradation of material. or by

The ultraviolet content of solar radiation causes photochemical degradation of most organic materials. Elasticity and plasticity of certain rubber compounds rind plastic materials,are affected. Optical glass may become opaque. Solar radiation bleaches out colours in paints, textiles, paper, etc. This can be of importance, for example for the colour coding of components. The heating of material is the .most important effect of exposure to solar radiation. The .presentation of severities of solar radiation is therefore related to the power density radiated towards a surface, or irradiance, expressed in watts per square metre. An object subjected to solar radiation will attain a temperature depending primarily on the surrounding air temperature, the energy radiated from the sun, and the incidence angle of the radiation on the object. Other factors, for example wind and heat conduction to mountings, can be of importance. In addition, the absorptance (x, of the surface for the solar spectrum is of importance. An artificial air temperature t, may be defined, which, under steady-state conditions, results in the same surface temperature of an object as the combination of the actual air temperature t, and the solar radiation of the irradiance E. An approximate value can be obtained from the following equation:
t, = t, + a -E s

4
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The coefficient h, is the heat transfer coefficient for the surface, in watts per square metre and degree Celsius, and includes thermal radiation to the surroundings, heat conduction and convection due to wind. The absorptance surface. a,depends on the thermal colour, the reflectance and the transmittance of the

Typical clear sky values are: a, =0.7 h, = 20 W/(m' - "C) E =900 W/m2 " due to solar radiation of about 30 "C. It can then be seen that resulting in an "overtemperature an error of 10% in the estimation of the intensity of the solar radiation will influence the temperature involved by less than 5 "C. Therefore, there is no need in this classification for extremely accurate severities of solar radiation and minor factors affecting the heat radiated have therefore been disregarded here. The heating effect is caused mainly by short-term radiation of high intensity, radiation around noon on cloudless days. Such values are presented in'Table I. i.e. the solar

It may also be of interest to identify the lowest possible values of atmospheric radiation during of products exposed to the nightsky. clear nights in order to determine the "undertemperature" Such values are given in Figure 1, page 5.
4. Solar radiation physics

The electromagnetic radiation from the sun to the Earth covers a rather broad spectrum from the ultraviolet to the near infra-red. Most of the energy reachingthe surface of the earth is in the wavelength range of 0.3 urn to 4 urn with a maximum in the-visible range around 0.5 pm. Typical spectra are shown in Figure 2, page 6. The amount of radiant energy from the sun which falls upon unit area of a plane normal to the sun's rays just outside the atmosphere at the mean distance from Earth to sun is called the solar constant. Its value is approximately 1.37 kW/m'. The distance from Earth to sun varies during the year, and consequently the radiation varies from approximately 1.41 kW/m* in January to approximately 1.32 kW/m2 in July. Approximately 99% of the energy of the sun is emitted at wavelengths below 4 urn. Most of the energy below 0.3 ym'is absorbed by the atmosphere and does not reach the surface of the Earth. Further absorption and scattering of the radiation takes place, due to particles and gases, during passage through the atmosphere. The scattering of the direct solar radiation in the atmosphere results in diffuse radiationfrom the sky. Thus the energy received at a certain place on the earth is the sum of the direct solar radiation and the diffuse solar radiation, which is referred to as the "global radiation". From the point of view of heating effects, this sum is of interest and the levels given in this standard are therefore related to global radiation.

5.

Levels of global radiation

5.1

Maximum levels The maximum level of global radiation on a clear day occurs at noon. The highest value of the power achieved on a cloudless day at noon at a surface perpendicular to the direction of the sun depends on the content of aerosol particles, ozone and water vapour in the air. It varies considerably with geographical latitude and type of climate.
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fhe global radiation on a surface perpendicular-to the direction of the sun may reach a value of 1120 W/m' at noon on a cloudless day with approximately 1 cm water vapour content, 2 mm ozone and aerosols of p=O.OS, where /3 is the Angstr6m turbidity coefficient. The value 1120 W/m2 is typical for flat land far away from industrial areas and from large cities at solar elevations exceeding 60".
Nbte. -The

water vapour content of a vertical Column of the atmosphere is measured as the height, in centimetres, of the corresponding precipitated water. Analogously, the ozone content of a vertical column of the atmosphere iS measured as the height of the corresponding ozone c#unn at normal temperature and pressure. The scattering and absorption by aerosol particles is expressed by the Angstriim turbidity coefficient, which is the optical depth of the atmosphere with respect to extinction of monochromatic radiation of wavelength A= 1 pm.

The direct solar radiation decreases with increasing turbidity. Turbidity is high in subtropical climates and in deserts where the concentration of-particles in the air is high. It is also high in large cities and low in mountainous areas. The levels in Table I are recommended for.application as peak values of global irradiance at noon, experienced by a surface perpendicular to the direction of the sun in a cloudless sky. The level varies only a few percent within the holirs nearest to noon and can therefore be assumed to be representative for a few hours at a time.
TABLEI

Typical peak values of global irradiance (in watts per square me&e from a cloudless sky)
Area Subtropical climates and deserts Other areas Large cities 700 1 050 Flat land 750 1 120 Mountainous 1180 1 180 areas

S;2

Mean monthly and annual global solar radiation

Whilst the maximum heating effect of solar radiation on a surface is normally dependent on short-term irradiance around noon, the photochemical effects are related to radiation, integrated over time, i.e. irradiation. For the purpose of comparison, daily global irradiation is the most convenient and commonly used value. In December, the monthly mean average of daily irradiation reaches approximately 10.8 kWh/m' close to the'south Pole, because of the duration of daylight. Outside the Antarctic area daily levels reach approximately 8.4 kWh/m'. The highest annual mean averages of daily global irradiation, mainly in desert areas. 5.3 up to 6.6 kWh/m*, are found

Simultaneous values of maximum air temperatures and solar radiation

The lowest values of the turbidity coefficient /3 are found in cold air masses. Therefore, levels in Table I do not occur at the highest values of air temperature.

the

It may be assumed that global irradiance does not reach more than 80% of the values given in Table I at the maximum air temperatures given in I EC Publiiation 721-2-1: Classification, of Environmental Conditions, Part 2 : Environmental Conditions Appearing in Nature. Temperature and Humidity.
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IS 13736 ( Pakt2/Sec 4) : 1993 IEC Pub 721-2-4 ( 1987 ) 6. Minimum levels of atmospheric radiation at `night In cloudless nights when the atmospheric radiation is very low, objects exposed to the night sky will attain surface temperatures below the surrounding air temperature. The theoretical temperature To, in kelvins, of an object in equilibrium with the atmospheric radiation is given by Boltzmann's law :

where :
CT is Stefan-Boltzmann's constant, 5.67.1P W/(m2-K4) A is atmospheric radiation in W/m* (see Figure 1, page 14).

In practice, condensation.

temperatures

will be higher due to heat conduction,

conv

tion .and water

As an example it has been found that the surface of a horizontal disk thermally isolated from the ground and exposed to the night sky during a cl,ear night can attain a temperature of -14 "C when the air temperature is 0 "C and the relative humidity is close to 100%. Figure 1 shows the atmospheric radiation from the night sky in clear air as a function of air temperature at a height of 2 m above the ground level. The relative humidity is normally very high on clear nights.
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A= Radiation outside the atmosphere from the sun represented as a black body of temperature 6000 K (1.60 kW/m') B= Solar radiation outside the atmosphere (I .37 kW/m') c= Direct solar radiation at the surface of the Earth perpendicular to the direction of radiation (e.g. 0.9 kW/m')

D= Diffuse solar radiation at the surface of the Earth
(e.g. 0.10 kW/m')

E= Absorption bands of water vapour and carbon dioxide F= Absorption by oxygen and ozone * `G= Radiation of a black body at 300 K (0.47 kWlm*) H = Thermal radiation from the Earth
(e.g. 0.07 kW/m')

FIG. 2. -

Spectra

of electromagnetic

radiation

from the sun and the surface

of the Earth.
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Standard Mark The use of the Standard Mark is governed by the provisions of the Bureau of Indian Standards Act, 1986 and the Rules and Regulations made thereunder. The Standard Mark on products covered by an Indian Standard conveys the assurance that they have been produced to comply with the requirements of that standard under a well defined system of inspection, testmg and quality control which is devised and supervised by BIS and operated by the producer. Standard marked products are also continuously checked by BIS for conformity to that standard as a further safeguard. Detaiis of conditions under which a licence for the use of the Standard Mark may be granted to manufacturers or producers may be obtained from the Bureau of Indian Standards.
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Add

new

Sub-clause

5.4:

5.4

World For the

distribution distribution

of

daily

global global

irradiation irradiation, see Appendix A.

of daily

After

page

6 add

the

following

new

appendix:

APPENDIX WORLD DISTRIBUTION OF DAILY

A GLOBAL IRRADIATION

Figures Al, A2 and A3 are world maps showing isohels of relative global irradiation (June, December and annual mean values), derived from satellite measurements, (see Note 1). Relative global irradiation is defined as the ratio of global irradiation measured at the earth's surface, divided by the which is the solar radiation on a pl3ne extraterrestrial global irradiation perpendicular to the direction of the sun just outside the atmosphere.
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In order to obtain the mean daily value of global irradiation at the earth's surface, the percentage value shown on the maps should be multiplied by the appropriate mean daily value of extraterrestrial global irradiation, which is given as a function of geographical latitude in Table Al (see Note 2).

Notes

l.-

Reference

to source: global radiation. Technical Note

G. Major et al . : World maps of relative World Meteorological Organization, Annexe. WMO-No. 557, Geneva (1981).

No.

-172,

The basis for determining is the values of monthly by the number of days the year (365). Example: Determine the mean June at the southern daily point

the daily irradiation values in and annual irradiation in MJ/m' in June (30), in December (31),

kWh/m' divided and in

global of the

irradiation Californian

to be expected peninsula.

in

From Figure Al the point (at an approximate latitude of 23' N) is surrounded by an isohel of percentage value for the point is estimated as 62%.

geographical 60%, and the

In Table Al, 11.16 kWh/m* above.. The 6.9 mean

interpolation which is to

N for 23' be multiplied

in the June column by the percentage

gives value

daily

global

irradiation

will

thus

be

approximately

kWh/m*

.
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TABLE

Al

Mean daily extraterrestrial global irradiation (kWh/m')

Latitude June 90 N 85 N 80 N 75 N 70 N 65 N 60 N 55 N 50 N 45 N 40 N 35 N 30 N 25 N 20 N 15 N 10 N 5N 0 5s 10 s 15 s 20 s 25 S 30 s 35 s 40 s 45 s 50 s 55 s 60 S 65 S 70 s 75 s 80 S 85 S 90 s 12,47 12,42 12,28 12,05 II,72 II,40 II,40 dl,48 11,56 11,61 11,61 II,56 II,44 11,26 II,00 10,68 10,30 9,84 9,33 8,76 8,13 7,46 6,74 5,99 5,21 4,41 3,60 2,79 2,Ol I,27 0,60 0,lO o.,o C: 010 0,O December Annual

OF0 or0

0,ll 0,65 1,36 2,16 3,00 3,85 4,72 5,57 6,40 7,20 7,96 8,68 9,34 9,95 IO,50 lo,98 II,39 II,73 12,oo 12,19 12,32 12,37 12,37 12,31 12,22 12,13 12,12 12,45 12,80 13,05 13,20 13,25

or0 or0 or0

4,17 4,20 4,30 4,49 4,76 5,16 5,71 6,29 6,87 7,42 7,93 8,40 8,82 9,19 9,49 9;73 9,90 10,Ol 10,04 IO,01 9,90 9,73 9,49 9,19 8,82 8,40 7,93 7,41 6,86 6,29 5,71 5,16 4,75 4,48 4,30 4,20 4,16
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